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The main Þnding of the paper by [Hansen et al., 2012] is that these dis-
tributions of T/sigma values shift to larger values and get broader for the
later decades of the last 60 years (Fig. 1). From this [Hansen et al., 2012]
conclude Ò...that extreme anomalies such as those in Texas and Oklahoma
in 2011 and Moscow in 2010 were a consequence of global warming because
their likelihood in the absence of global warming was exceedingly smallÓ,
referring to the fact that greater than 3sigma events generally have a very
small probability of occurring. They also Þnd that the broadening of the
distribution depends on the base period during which local temperatures are
set to zero.
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Figure 1: From figure 4 of [Hansen et al., 2012], the main result of the
paper. The distributions are generated from a collection of local mean June-
July-August temperature anomalies. At each location the temperature during
the base period 1951-1980 is set to zero, then every such newly defined local
temperature anomaly of the years 1951-2010 is divided by the local temporal
standard deviation of the temperature anomalies during the the base period,
here 1951-1980. Then values for 11 year period are collected and plotted
as normalized distributions. Note that for later decades the mean of the
distribution shifts to larger values and that the distributions are getting wider.
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In this memo we report on our analysis of the methods used by
[Hansen et al., 2012]. We begin by using simulated data to show how three
di! erent e! ects: a range of di! erent sigma, trends or an increase in temporal
variability can lead to the broadening seen in Fig 1 and to the base period
dependence. We then apply these insights when we turn to the temperature
data used by [Hansen et al., 2012] to show which of these mechanisms are
causing the signal seen in Figs 1 and 2.
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Figure 2: From Þgure 9 of [Hansen et al., 2012]. TheT/sigma distribu-
tions are similar to the ones in Fig 1 but here the base period is 1981-2010,
i.e. the local temperature anomalies are set to zero in that period. This Þgure
also uses thesigma of 1981-2010, which is not the important factor for its
appearance. These distributions do not widen in later times.

2 Summary

Question: Why do the 11-yearT/sigma distributions of Fig 1 get wider?
What is the physical mechanism that drives this broadening? Why is this
broadening base period dependent?
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(b) di↵erent local trends
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(c) temporal variability

Figure 3: For simulated data, three di! erent mechanisms can produce simi-
lar widening of theT/sigma distribution as in Fig. 1. Here (a) is produced
with a range of di! erent sigma, (b) is produced with a range of di! erent
local trends and(c) is produced with increasing local temporal variability.
The widening for the last one is abrupt because we chose a simple stepwise
increase of temporal variability, but could in reality be smoother.

3 Analysis of the Method Using Simulated
Data

In this section we study the e! ect of di! erent widening mechanisms on the
T/sigma distributions as in Fig. 3. In order to apply di! erent mechanisms to
the T/sigma distribution in a controlled fashion we simulate a number of lo-
cation dependent yearly mean June-July-August temperature anomalies for
the years 1951-2010. To simulate di! erent local temperature series we start
with a temperature anomaly ÔseedÕ function and add normal distributed ran-
dom ßuctuations. Here we apply the ÔseedÕ attribute to each input parameter
that is needed to produce random data.

The global temperature anomaly seed function is always taken to be zero
in the period 1951-1980 and then either changes linearly or as a step function
(Fig. 4). We will cover both of these cases separately. The step function
provides a simple model which we can use to study the e! ects of the broad-
ening mechanisms without complications from a linear trend (section 3.1).
However, using the linear trend(section 3.2) provides a better way to com-
pare the simulated data to real data (section 4). The seed functions are good
approximations to the Berkeley Earth global average (Fig. 4).

In this memo we will always use thesigma of the period 1951-1980,
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because changing it doesnÕt have a large e! ect on the T/sigma distribu-
tion, other than scaling them. This has been demonstrated in Þgure 4 of
[Hansen et al., 2012] . We will also work with base periods as Hansen et al.
do by setting the local temperature anomalies to zero within the particu-
lar base period. We will study 10-year periods instead of 11-year periods,
but this doesnÕt impact the results. Whenever we generate random numbers
based on input parameters we will label the input parameters, likesigma and
trend, as ÔseedÕ parameters. We will mostly discuss the temperature anoma-
lies deÞned relative to some local base period, and will sometimes refer to
this anomaly as T or temperature. We will emphasize when we mean actual
temperatures instead of anomalies.

1950 1960 1970 1980 1990 2000 2010
! 0.4

! 0.2

0

0.2

0.4

0.6

0.8

1
Seed temperature anomalies

date [year]

T
em

pe
ra

tu
re

 [C
]

 

 
 Berkeley Earth Data
 Linear trend
 Step function

Figure 4: We use two di! erent seed temperature functions, a step func-
tion which avoids the complication of a linear trend while providing valuable
insight into the various widening mechanisms of theT/sigma distributions
and a linear trend for 1981-2010, which is more realistic as it is a reasonable
approximation to the Berkeley Earth global temperature anomalies.

To study the three mechanisms that cause widening (section 2) we add
random ßuctuations to the global anomaly seed function in three di! erent
ways:

1. A range of di! erent seedsigma for the 1951-2010 period, keeping each
individual seedsigma Þxed over the whole time period. The anomaly
seed function is the same for all locations.
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Figure 5: The anomalies of two di! erent locations, one with a small trend
and one with a large trend, are similar during the base period, because we force
their mean during that time to be the same, i.e. zero. For times outside of
the base period the anomalies are no longer constrained and can therefore be
di! erent from each other.

at di! erent temperature anomalies for di! erent locations. Therefore, when
the two locations are put into the same distributions, when essentially the
two probability density functions are added up, we will arrive at a wider
distribution than for the earlier anomalies. The same argument leads to a
wider early anomaly distribution if we choose a late base period. For this
section we are assuming the same seedsigma for all locations, so dividing the
anomaly by sigma would only scale the values, but not qualitatively change
the e! ect.

Continuous distribution of local trends: Now that we know how two
di! erent trends can in principle lead to a widened distribution we can visu-
alize this by using a continuous range of normal distributed trends. We now
allow a number of di! erent trends and arrive at narrow T distributions for
times near or in the base period and widened distribution for times away
from the base period (Fig. 7). This is due to the ÔpinchingÕ e! ect of forcing
all anomalies within a certain period on the same local mean.

We will come back to these signatures of Fig 7 in section 4 to analyze the
real temperature data. A presence of this e! ect in the real data indicates a
range of di! erent local trends as the cause of the widening.
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Figure 6: By simulating many temperature series with one of the two trends
and collecting them in a distribution we arrive at probability density functions
from which an anomaly value for a location with a particularsigma is drawn.
The base period is 1951-1980, and the distributions for a period within the
base period (solid) are the same, since we forced the two locations to have the
same mean during that time. If the seed anomaly function wasnÕt perfectly
ßat during 1951-1980 and we allowed for di! erent trends during that period
there would be a slight di! erence between the two solid curves. However, in
general the di! erence is larger the more time has passed before or after the
base period, because the di! erent local trends then have more time to separate
after being ÔpinchedÕ together in the base period. We see this e! ect for the
dashed curves, which are the anomaly distributions for two di! erent trends.
They di! er substantially and if added up they yield a broader distribution
than the sum of the solid curves. If the base period is 1981-2010, we would
see the two solid curves separate and the dashed curves align.
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Figure 7: Simulated data with a range of di! erent trends for the 1981-2010
period results in wider T distributions for times outside the base period.(a)
early base period, so the later times have wider distributions,(b) late base
period, so the earlier times have a wider distribution. This is due to the
ÔpinchingÕ e! ect which forces anomalies from di! erent locations to the same
mean in the base period thereby narrowing the T distribution within the base
period relative to times outside the base period.

3.1.2 Di ! erent Seed sigma

Two di ! erent sigma: Let us again begin with a case study of two di! erent
sigma, a large and a small one. No matter what the base period is, the
temperature anomalies will be the same on average for both locations during
every time period (Fig. 8a). However, if we scale the anomalies by dividing
them by sigma, the resulting T/sigma series for the two locations are no
longer the same in every time period (Fig. 8b). NowT/sigma for the
location with smaller sigma increases more if the base period is 1951-1980.
In contrast, if the base period is 1981-2010 the early times for the location
with small sigma will have larger negativeT/sigma values.

This will a! ect the global T/sigma distribution in a way that is made
obvious when calculating the probability density function from which a local
T/sigma series at a later decade will be drawn, by simulating a large number
of data with two di! erent seedsigma (Fig. 9). The two PDFs for small and
large seedsigma in 1951-1980 have roughly the same width, but are shifted
relative to each other. This means, that whenT/sigma values from these two
di! erent locations are added up, the resulting globalT/sigma distribution
will be wider in later years, when the anomalies have increased. For a range
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of di! erent seedsigma, as is more realistic for real data, the same e! ect will
apply and theT/sigma distribution will get wider, simply because the values
in the distribution are drawn from local PDFs that are shifted and will add
up to produce widened distribution.
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Figure 8: Simulated data for two locations with the same seed anomaly
function but di! erent seedsigma, the base period is 1951-1980.(a) The
temperature anomaly series for the two locations have the same average in-
crease in T, but their sigma are di! erent. The T distribution for early and
late times should therefore not have di! erent widths. (b) After scaling the
temperature anomalies at every point in time by the appropriatesigma the
location with smaller sigma now has a larger increase ofT/sigma and will
therefore expect a spread ofT/sigma values and a widening of the distribu-
tion at later times. For a base period of 1981-2010, the early times series
would be di! erent for the two locations. We again observe the ÔpinchingÕ
e! ect, but now only forT/sigma .

Continuous distribution of sigma: The real temperature data have a
range of di! erent sigma (Fig 10), so we next use a continuous distribution
of di! erent seedsigma (log-normally distributed) to produce the random
normal distributed noise on top of a common seed anomaly function. As
before, we take these seedsigma to be constant in time.

We take a large number of local anomaly trends with random ßuctuations
based on our distribution of seedsigma and arrive at a widenedT/sigma
distribution for the later decade (Fig 11a). An important ingredient for the
widening is that the temperature anomaly is di! erent from zero, so that
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Figure 9: The probability density functions from which localT/sigma val-
ues are drawn. The anomaly trend is the same for these two locations, one
with small sigma on with large sigma, so we wouldnÕt expect any di! erence
between the early(solid) two and late(dashed) distributions for T only. How-
ever, when the temperature anomaly is scaled bysigma, the smaller sigma
will have larger values ofT/sigma at later times. The result is that the
two distributions for two locations separate, which will result in a wider total
T/sigma distribution including many locations.
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Figure 10: From [Hansen et al., 2012], Þgure 2. Thesigma values for
the period 1951-1980 for each location. The values have a strong location
dependence and range from very small values of about 0.1 C to about 2 C
with a spatial mean of 0.5 C.

the di! erent locations can register di! erent shifts for their local T/sigma
distribution to cause the broadening of the overallT /sigma distribution.
Therefore, if we redeÞne the local mean of 1981-2010 to be zero, the earlier
decade will have T values that are di! erent from zero and therefore exhibit a
widened globalT/sigma distribution (Fig 11b). This is the ÔpinchingÕ e! ect
for T/sigma and a range ofsigma.

We will come back to these signatures of Fig 11 in section 4 to analyze
the real temperature data. A presence of this e! ect in the real data indicates
a range ofsigma as the cause of the widening.

3.1.3 Increasing Temporal Variance

We turn now to a qualitatively di! erent way to produce a widenedT/sigma
distribution as described in section 2: increasing local temporal variablity.
This mechanism is independent of the ÔpinchingÕ e! ect created by choosing
a base period. We simulate this e! ect by using two di! erent seedsigma
for simulating data, one small seedsigma(1951! 1980) and one large seed
sigma(1981! 2010). These time dependent seedsigma are the same for all
locations.

This mechanism also leads to a widenedT distribution for a later decade
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Figure 11: For a range of di! erent sigma the T/sigma distributions out-
side of the base period are widened, as we expected due to the case study of
two di! erent sigma (Fig. 9), due to the ÔÕpinchingÕ e! ect that yields larger
di! erences forT/sigma for di! erent sigma only if T is large, which is most
likely away from the base period, since by deÞnition the mean ofT is zero
during the base period. The slight asymmetry of the distributions is due to
the asymmetry of thesigma we are using, which is comparable to the actual
asymmetric sigma distribution of real data.

(Fig 12a) if the mean anomaly of 1951-1980 is set to zero. This is because ev-
ery local T distribution is widened in a later decade because the seedsigma
for generating the data is larger then. However, in contrast to section 3.1.2,
when choosing to set the local anomalies of 1981-2010 to zero, we still gener-
ate a widened distribution for the later decade (Fig 12b). This will directly
translate into a similar e! ect for T/sigma distributions, since dividing by
the same sigma for each location will simply rescale the distributions.

3.1.4 Summary

We have seen that three di! erent mechanisms can cause theT/sigma or T
distributions to widen at later times. Some of these mechanisms, the ones
based on the ÔpinchingÕ e! ect also show a strong width dependence on the
choice of the base period.

[Hansen et al., 2012] attribute the base period dependence of Fig. 2, for
which they not only use a later base period but also the scalingsigma from
that later base period, to the greater variability at later times. The term
Ôgreater variability at later timesÕ can either mean that the a global average
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Figure 12: An increase in every locationÕssigma over time will lead to a
widened T distribution for later times, irrespective of the base period. This
independence of the base period means this widening is not caused by the
ÔpinchingÕ e! ect. The only di! erence between the distributions for di! erent
base periods is that the centered at di! erent anomaly values, because the zero
is deÞned at di! erent times.

sigma were larger during 1981-2010 than in 1951-2010, which Hansen et al.
demonstrated, or that the variability of the actual temperature distributions
(not local anomalies relative to a common zero) are more di! erent at later
times, which Hansen et al. did not demonstrate. The Þrst argument is not
correct, because a larger averagesigma by which anomaly values are scaled
will only narrow eachT/sigma distribution proportionally, as was shown by
[Hansen et al., 2012] et. al themselves in their Þgure 4. Rather, the reason of
the base period dependence has much more to do with the ÔpinchingÕ e! ect
that forces each local anomaly to line up at the same mean over the base
period, as we have discussed in this section.

Now that we understand the e! ects of the three mechanisms that can
produce broadening ofT/sigma distributions: a range of di! erent sigma, a
range of trends and an increasing temporal variability, we can apply these
mechanisms to a seed global temperature anomaly function with a linear
trend in 1981-2010, so we can more closely compare the simulated data to
actual temperature data.
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Figure 13: A range of di↵erent trends can produce widening of the both
T/sigma and T distributions and the widening shows base line dependence.
(a) T/sigma distributions are wider at later times for the base period 1951-
1980. (b) T/sigma distributions are wider at earlier times for the base period
1981-2010. (c) T distributions are wider at later times for the base period
1951-1980. (d) T distributions are wider at earlier times for the base period
1981-2010.
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Figure 14: A range of di! erent sigma can produce widening of theT/sigma
but not theT distribution and the widening shows base line dependence.(a)
T/sigma distributions are wider at later times for the base period 1951-1980.
(b) T/sigma distributions are wider at earlier times for the base period 1981-
2010. (c) For base period 1951-1981, and(d) base period 1981-2010,T
distributions donÕt change in width, but merely shift. It is interesting to
note that the shape of theT/ distribution has longer tails than a normal
distribution. This e! ect is also seen in the real temperature data (Fig.17),
suggesting that it is due to the wide range ofsigma. Each location can have
normal distributed T anomalies for a 10 year period but with di! erent widths
sigma. The sum of these normal distributions will no longer resemble a
normal distribution itself.
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Figure 15: An increase in temporal variability causes each of these distri-
butions to widen at later times, and there is no base period dependence.
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are not getting wider at later times (Fig 16b). Based on the previous section
we can now recognize this behavior of the distributions an indication of the
ÔpinchingÕ e! ect either due to a range ofsigma or a range of trends, or both.

In addition to T/sigma distributions, the T distributions for each decade
(Figs 17) show a widening for later decades if the base periods is 1951-1980
(Fig.17a), but no widening if the base period is 1981-2010 (Fig.17b). We can
now recognize this behavior as an signal of the ÔpinchingÕ e! ect for a range
of trends only.
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(b) base period 1981-2010

Figure 16: The T/sigma distributions for real temperature data. (a) For
the base period 1951-1980, the distributions are getting wider in later decades.
(b) For the base period 1981-2010 most distributions have the same width,
but the later distribution is slightly narrower than the earlier ones. This is
consistent with a widening mechanism based mainly on the ÔpinchingÕ e! ect.

We can conclude that the widening of theT/sigma distributions and
the base period dependence of this widening seen by [Hansen et al., 2012] is
caused by a ÔpinchingÕ e! ect introduced by choosing local base periods. This
e! ect then combines with a range of trends and most likely also a range of
sigma to produce distributions that tend to be narrower during the base
period and wider outside the base period. Any residual di! erences, i.e. for
the later base period all distributions have similar widths rather than ear-
lier ones being wider, may indicate a small inßuence of increased temporal
variance, but it is clearly not the dominant factor. In fact in their Þgure
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Figure 17: The T distributions for real temperature data. (a) For the
base period 1951-1980, the distributions are getting wider in later decades.
(b) For the base period 1981-2010 most distributions have the same width,
but the latest distribution is slightly narrower than the earlier ones. This is
consistent with a widening mechanism based mainly on the ÔpinchingÕ e! ect.
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